Abstract. The variation of the monomeric friction coefficient of styrene butadiene copolymer (SBR) and natural rubber (NR) with various degrees of cure was analyzed. Samples with different levels of cure were prepared. Loss tangent measurements of the samples were performed by means of a damped torsion pendulum between 173 K and 373 K. Data were analyzed in the frame of the Kloczkowsky, Mark and Frisch model (KMF) and the monomeric friction coefficients and the relaxation strength were obtained for each condition.
INTRODUCTION
In 1990 Kloczkowsky, Mark and Frisch [I] presented a model based on earlier works [2, 3] to explain the dynamic of polymer chains. They calculated the relaxation spectrum for tree-like networks of phantom Gaussian chains. The model proposes an extension of and idea from Graesley [3] by taking into account the bifunctional junctions dividing each chain between $-functional junctions into n-subchains of equal length. In this way, fractional interactions occurs not only at multifunctional junctions but also at bifunctional ones. Using this approach, the relaxation spectrum is considerably broadened and a more realistic description of the spectrum at shorter times is given.
Later, Heinrich [4] applied the KMF model to obtain the dependence of the loss tangent (tan 6) on frequency of several elastomers using molecular parameters obtained from the literature. The model is applied in the short-time region identifying the junctions with the entanglement points.
To the best of our knowledge, the KMF model has not been fitted to experimental data of dynamic moduli of elastomers to obtain the molecular parameters as the primary relaxation time (z,), the relaxation intensity or the monomeric friction coefficient (6). In this paper we apply the KMF model to loss tangent data measured in SBR-17 12 and NR in our laboratory. This study involves the analysis of the variation of the relaxation time and the monomeric friction coefficient with the degree of cure of the elastomer.
THEORY
In the KMF model, the network has the topology of a symmetrically grown tree where it is assumed that both $-functional and bifunctional junctions have the same frictional coefficient 6.
The motion of each junction is determined by the force balance The relaxation spectrum is determined from the eigenvalues of the connectivity matrix, in the limit N + M .The distribution of eigenvalues h(6) and the relaxation times z(<) = zJh(5), can be described by a continuous variable 5, where z, is the primary relaxation time of a single unattached subchain, i.e. z, = QK.
Therefore, the relaxation spectrum is defined by where v is the number of junctions per unit volume, k g the Boltzmann constant and T is the temperature.
Following a long but straightforward calculation [I], the relaxation spectrum is introduced by using the WLF equation in the estimation of z and A [5] . This method applies a shift factor ar to the measured frequency to relate loss tangent data which were measured at different temperatures. In fact, tan &(on, ,To)= tan G(o,T ), that is, the loss tangent can be expressed, at a given reference temperature To, in terms of data measured at a different temperature T, but at a specific frequency related to the measured frequency as o(To) = o(T)a,, since the shift factor a= is defined as the ratio of the relaxation time at temperature T to that at the reference temperature To [5] .
EXPERIMENTAL
The rubber compounds were prepared with the composition given in Table 1 . The compounds were mixed in a laboratory mill. The molecular weight M, was determined by GPC as 174700 glmol for the NR compound (A) and 102400 glmol for the SBR compound (B). Samples prepared as sheets of 150 x 150 x 2 rnrn were cured for different times at 414 K for NR and 433 K for SBR (Table 2) . Samples were quenched in ice and water after being removed from the mold. For measurement of the dynamic properties, strip samples of 12 x 2.8 x 2 mm were cut using a die. Cure levels, a, were estimated according to rheometer curves for each sample [6] .
Dynamic properties were measured with a automated damped torsion pendulum in Ar atmosphere
at 60 Torr [7] between 213 K and 373 K with a temperature ramp of 0.4 Klmin. Frequencies between 0.1 s-' and 20 s-' were achieved applying different inertia moments to the pendulum. The maximum shear strain in the dynamic measurements was always less than 0.005, thus ensuring linear viscoelastic behavior. 
RESULTS AND DISCUSSION
From the characteristic frequencies of the oscillations and the attenuation factors, measured in all the samples at different temperatures, the loss tangent was evaluated [7] . We developed a numerical program that fits eq.(3) to the data points and calculates the frequency shift factor aT [5] using the least squares method. In Fig. 1 and 2 the master curve at 298 K of tan 6 as function of the reduced frequency, o a~, is shown for different cure levels of NR and SBR. It can be seen that there is a good agreement between the KMF model and our tan 6 data. The values of A and T~ that optimize the fitting curve in each case are also calculated and are given in Table 3 . It is interesting to note the influence of the cure level on the loss tangent. The curves are shifted to lower values on the frequency scale and a higher value of the relaxation time is obtained at higher cure levels. [a] . The values of 6, are given in Table 3 . It can be noted that <, increases at higher cure levels. In the case of slight cure level, the obtained values are similar to those given in literature for uncured NR and SBR [4] . The variation of 5, with the cure level is attributed to structural modification C8-586
JOURNAL D E PIlYSIQUE IV of the polymer when side reactions with sulfur take place in the molecular chain during vulcanization. A decrease of the maximum value of loss tangent is observed when the degree of cure of the elastomer is increased. Finally, it should be remarked that the KMF model does not fit the experimental data of Fig. 1 at high frequencies, above the loss tangent peak, because it was developed for the rubbery and transition zone. 
CONCLUSIONS
The variation of the monomeric friction coefficient in NR and SBR was evaluated from the KMF model fitted to reduced loss tangent data. Our results show that <, increases with the cure level and, when the sample is overcured, 4, presents a slight decrease due to the degradation of the molecular structure.
